Laboratory Studies on Endomycin With Special Reference to its Antifungal Effect against Candida Albicans by Perry, Harold O. & Ulrich, John A.
LABORATORY STUDIES ON ENDOMYCIN
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The clinical problem of moniliasis involving the skin, the mucous membranes,
or the bronchial tree has resisted the most vigorous of therapeutic measures. More
recently this problem has been complicated as a result of the widespread use of the
antibiotics (1). The problem of treatment has been almost unsurmountable.
The present study was undertaken to evaluate in vitro a new drug that might be
helpful in the treatment of candidiasis. After Gottlieb and co-workers (2) reported
the antifungal effects of endomycin, supplies of this drug were made available to
us for laboratory study4 We wished to determine the antifungal effect of endomy-
cm against recently isolated strains of Candida albicans, its activity at different
pH levels, its effectiveness with different-sized inoculums, the development of
resistance to the drug, its stability, and the sensitivity of mycotic agents other
than C. albicans.
When in vitro reactions between drugs and microorganisms are observed,
caution must be exercised in their interpretation and application to clinical use.
Weidman and co-workers (3) in discussing this problem stated that in regard to
the activity, toxicity and irritation of a fungicide, "laboratory tests must be
designed to measure one of these characteristics at a time." A single test cannot ef-
fectively incorporate all the factors one might hope to evaluate regarding a drug.
METHODS
The present test methods were adopted because they could easily be duplicated.
Endomycin was supplied as a powder. To facilitate the handling of the minute quantities
of the drug required in this study, a stock solution was made that contained 10,000 micro-
grams (Jhg.) per milliliter of sterile distilled water. Unused quantities of solutions were
stored in a dry-ice chest maintained at —60° C. A portion of the stock solution, kept at
room temperature, was tested for stability by comparing its antifungal effect against the
same strains of C. albicans at different time intervals.
A modified Sabouraud's dextrose agar was chosen for the basic medium. The pH was
adjusted to 5.5 with NaH2PO4-Na2HPO4 buffer and checked by a pH electrometer. This pH
was chosen because it represented an average value of the pH of normal skin. The pH of the
media was also varied in one series of tests when pH levels of 6.5 and 7.5 were employed
to determine the effectiveness of endomycin at different pH levels.
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All test strains of Candida albicens and Cant/ida tropicalis were recently isolated from
cultures of clinical material. These organisms occurred either as a primary cause of disease
or as secondary invaders from plantings of skin scrapings, sputum, washings from bron-
choscopic examinations and swabs from the vagina and cervix. Continual subculturing of
stock cultures may modify growth and cultural characteristics and may possibly also modify
resistance or sensitivity to antibiotics. For these reasons stock cultures were not used except
in testing certain species of other fungi that cause superficial or deep mycoses. A single
colony was picked from the isolation medium and grown on Sabouraud's dextrose-agar
slants. A morphologic identification was made by the characteristic growth pattern on
corn-meal agar. In order to stimulate mycelial formation, the cover-slip technic of Benham
(4) was employed. Identification of the dermatophytes and of the fungi causing deep my-
coses was made by gross colony characteristics and microscopic features after staining and
mounting in lactophenol cotton blue.
The inoculum was prepared by suspending a sufficient number of test organisms from the
original agar slant in Sabouraud's dextrose broth so that a turbidity comparable to a num-
ber 2 tube of the barium sulfate series was obtained. A single 4-mm. loop of inoculum was
used for the plating of each test organism. When the effect of different-sized inoculums on
the antifungal effect of endoymcin was studied, a 1:10 dilution of the ordinary inoculum was
used.
The inoculums of the fungi causing superficial or deep myceses were prepared by grind-
ing, in a sterile centrifuge tube with a fitted glass rod, mycelial mat from cultures of fungi,
representing both recently isolated and stock strains. Following complete maceration of
the specimen, the mycelial fragments and spores were suspended in sterile saline solution.
A single loopful of inoculum was planted for each test organism.
The preparation of the agar for planting consisted of the adding of the proper amount of
the endomycin solution to bottles containing sterile molten agar. Pour plates were made in
the usual manner. These were observed after 24 hours at room temperatnre for the growth
of any contaminants. Four stains of test organisms were planted on a single poured Petri
plate, one being planted on each quadrant. Cultures were incubated at room temperature
and observed daily for 14 days. In every instance, controls were planted in identical media
that did not contain endomycin.
The growth on any individual quadrant was considered in comparison to the control
plates for that strain. Growth comparable to the control, both as regards quantity and
speed of growth, was read as positive. If growth consisted only of discrete well-defined
colonies, the growth was considered partially inhibited. If four or more colonies were
present within the observation period of 14 days, growth was considered positive in the
final tabulation of results. For the fungi causing superficial or deer) mycoses the period of
observation was 6 weeks.
During that portion of the experiment when attempts were made to develop an iecreased
resistance of certain strains of C. albicens to endomycin, the organisms were repeatedly
cultured at! the highest concentration of endomycin that would permit growth. After three
or four periods of growth at this concentration, the strains were tested at increasing con-
centration of endemycin to determine their new level of resistance.
RESULTS
One hundred recently isolated strains of C. albicans were inoculated on plates
in the routine manner to determine the aatifuagal effect of endomycin. Table I
summarizes the results. Noted for each concentration of eadomycia are the num-
ber of strains of C. albicans whose growth during a 14-day period was completely
inhibited by that concentration. These data indicate that at any given concen-
tration of endoinycin, no growth for the specified nuatber of strains was noted.
At all lesser concentrations of cndomycin, growth had taken place.
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TABLE I
Candida albicans by endomycinInhibition of 100 strains of
Endomycin, sg./ml. Strains Inhibited*
40 4
60 1
450 1
* For each concentration of endomvcin the number of strains of Candida albicans whose
growth was completely inhibited by that concentration is shown.
Because C. trop'icalis causes lesions in the rabbit when injected in large doses, it
is considered a pathogen by some investigators even though its pathogenicity for
man is not definitely established. Nine strains of C. tropicalis were tested in the
routine manner (table II). Noted for each concentration of endornycin are the
number of strains of C. tropicalis whose growth was completely inhibited by that
concentration.
To determine the effect of different-sized inoculums on the antifungal activity
of endomycin, 12 strains of C. albicans were grown in various concentrations of
endomycin, identical plates being inoculated with the standard and a 1: 10 dilu-
tion of inoculum. From table III it is noted that at a concentration of 6 gg. of
TABLE II
Inhibition of nine strains of Candida Iropicalis by endontycin
Endomycin, g./m1. Strains Inhibtted*
6 1
8 1
14 1
16 2
18 1
60 I I
75 1
225 1
* Foreach concentration of endomycin the number of strains of Candida tropicalis whose
growth was completely inhibited by that concentration is shown.
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TABLE III
Antifungal effect of endomycin with different-sized inoculurns
Undiluted Inoculum 1:10 Dilution of Inoculum
Strain Endomycin, 5g./mI. of agar*
0 6 8 10 12 0 6 8 10 12
I CC + 0 OC 0 0 0 0
2 C C C + 0 C + 0 0 0
3 C C C C C C + + 0 0
4 C C C + + C + 0 0 0
5 C C C C C C + 0 0 0
6 C C 0 0 0 C + 0 0 0
7 C C C C 0 C + 0 0 0
8 C C C + 0 C + + 0 0
9 C C C C + C + + 0 0
10 C C C C C C + + + 0
11 C C C C + C + + 0 0
12 C C C + 0 C + 0 0 0
* 0, no growth; +, growth with fewer than 12 colonies; C, more than 12 colonies present
and plates with confluent growth.
endomycin per milliliter of agar, all strains grew except strain 1, when the
1:10 dilution of inoculum was used. At higher concentrations of endomycin, the
antifungal effect was increased when the diluted inoculums were used. Only one
strain grew at a concentration of 10 .1g., and none grew at a concentration of
12 Mg. per milliliter. In contrast, five of the 12 strains grew at a concentration of
12 Mg. per milliliter of agar when undiluted inoculums were used.
TABLE IV
Antifungal effects of endom gain at different levels of pH
pH 5.5 pH 6.5 pH 7.5
Strains Endomycin, g./ml. of agar
0 6 8 10 12 0 6 8 10 12 0 6 8 10 12
1 C C + 6 0 C C 0 0 0 C 0 0 0 0
2 C C C+ 0CC C+ 0 C 0000
3 C C C C C C C C C 0CC 000
4 C C C + + C C C C + C C 0 0 0
5 C C C C C C C C Co C 0000
6 C C 000CC C 00 C 0000
7 C C C CO C C+ 00 C 0000
8 C C C + 0CC C C + Co + 00
9 C C C C+ C C C C + C 0000
10 C C C C C C C C C C C 0 0 0 0
11 C C C C + C C C C + C + 0 0 0
12 C C C +6 C C C 0 0 C 0 0 0 0
* 0, no growth; +, growth with fewer than 12 colonies; C, growth with more than 12
colonies and plates with confluent growth.
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Table IV shows the ability of endomycin to inhibit the growth of 12 strains of
C. albicans at different pH levels. The antifungal effects at pH 5.5 are little
different from those at pH 6.5, and for most comparisons the effects at these
two levels of pH would be considered equal. At pH 7.5, thereis verymarked inhibi-
tion of growth, only three strains showing any growth on the plates.
The ease with which organisms develop a tolerance to a drug determines to
some degree the anticipated clinical usefulness of the drug. Seven strains of
C. albicans were repeatedly cultured on the standard medium which contained a
quantity of endomycin that would approach but would not reach a concentration
inhibiting growth of the strain. After three to six subcultures, at each level, an
attempt was made to grow the yeasts on agar containing higher concentrations
of endomycin. These cycles were repeated in an attempt to raise the resistance of
the individual strains. Table V shows that the tolerance of these strains increased
from a minimum of six times to a maximum of more than 45 times its previous
level.
TABLE V
Development of resistant strains of Candida albicans to endomycin
Strain Original ToleranceLevel, og./ml.
Subcultures for Final Final Tolerance
Tolerance I Level, 0g./mi.
Increase in Tolerance,
Times
1 6 11 50 8
3 8 11 75 9
5 8 11 125 15
6 6 12 60 10
8 6 14 40 6
10 10 15 >275 >27
13 6 14 >275 >45
TABLE VI
Stability of an aqueous solution of endomycin kept at room temperature as demonstrated by
comparing the inhibitory effect of endoenycin against strains of Candida albicans at
different time intervals
Endomycin in 0g./ml. Required to Inhibit Growth at Indicated Ages of Endomycin
Strain
-
0 day 53 days 101 days
1 <6 <6 6
2 10 6 10
3 10 6 12
4 8 6 8
5 12 6 12
6 6 <6 6
7 8 6 12
8 10 6 12
9 12 10 12
10 12 8 12
11 10 6 12
12 10 6 10
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TABLE VII
Antifungal effect of endomycin against some species of fungi causing superficial
or deep mycoses
Endomycin, sg./ni1. of Agar*
Test Species
0 1 6 10 14 16 18 20 22
Superficial mycoses
M.canis + 0 0 0 0 0 0 0 0
M. audouini + + 0 0 0 0 0 0 0
M.fulvum + + + + + 0 0 + 0
F. floccosum + 0 0 0 0 0 0 0 0
T. mentagrophytes + + + + 0 0 0 0 0
T.rubrum + + 0 0 0 0 0 0 0
T. schoerileini + + 0 0 0 0 0 0 0
T. acuminatum + + 0 0 0 0 0 0 0
T. crateriforme + + 0 0 0 0 0 0 0
T. tonsurans + + 0 0 0 0 0 0 0
Deep mycoses
Sporotrichum schenckii + + + + + + + + +
Histoplasma capsulatum + + 0 0 0 0 0 0 0
Blastomyces dermatitidis + + 0 0 0 0 () 0 0
Cryptococcus neoformans + + 0 0 0 0 0 0 0
* +, growth; 0, no growth.
To evaluate the stability of aqueous solutions of endomycin stored at room
temperature, the antifungal effect of this drug against several strains of C. albicans
was tested periodically for 101 days. Table VI presents the results of testing after
0, 53 and 101 days respectively, although a total of 19 tests were carried out
during the 101 days. Twelve tests were carried out during the first half of the
test period, and seven during the second half. The results would indicate no
apparent change in the potency of an aqueous solution of endomycin stored at
room temperature over the 101 days.
The antifungal effect of endomycin was tested against various strains that
cause superficial or deep mycoses. Table VII represents the average results noted
after two or more tests were performed with each organism.
COMMENT
The data in table I show that species of C. albicans possess wider variation in
sensitivity to endomycin than was heretofore indicated by previous testing. A
concentration of the drug sufficient to inhibit growth of most strains of this fungus
may be insufficient to inhibit the growth of the naturally more resistant strain.
This variation might not have been noted if fewer strains had been tested. Of the
first 50 strains tested, only one required a concentration greater than 18 yg. per
milliliter to suppress growth completely. The final 50 strains showed considerably
more variation in their growth patterns. It was the ninety-fourth strain that
required 450 jig. of endomycin per milliliter of agar to suppress its growth. The
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growth of 89 strains was inhibited by concentrations of 24 jig. per milliliter of
agar or less.
Testing 100 strains of C. albicans gave a range of the over-all sensitivity of the
species not obtainable by testing a fewer number of strains. At the time this work
was done, endomycin was under study by oniy a few selected investigators and
was not being used clinically. We can assume, then, that the strains of C. albicans
and C. tropicalis used in this study had not been exposed to endomycin and had
not thereby been made resistant to it.
A 14-dày observation period was chosen to allow growth of the organisms to
occur. It was frequently observed that growth did not occur until the second
week of observation. If the usual growth period for C. albicans of 48 to 72 hours
had been used, delayed growth would have been missed. Too short an observation
period would indicate a greater inhibitory effect than actually existed, for the
endornycin. That the occurrence of delayed growth was not due to instability of
the endomycin, was proved by the storage experiment to be discussed later, in
which a sustained antifungal activity for endomycin was noted for at least 101
days. Originally all plates were read again at 6 wrecks but observing the plates for
a period longer than 14 days was found to be unnecessary—the longer observa-
tion period did not change any of the 14-day readings.
A comparison of the sensitivity of C. albicans to endomycin in our series with
that of Gottlieb and co-workers (2) is not possible because of differences in the
methods of testing. J. H. Ford and co-workers (5) found the inhibitory end point
for C. albicans to be 5 Mg. per milliliter. Their observation period was only 48
hours. The variation in results occurring from such a short observation period has
already been mentioned. Hu and co-workers (6) reported the complete inhibition
of growth of four strains of C. aihicans by a concentration of 5 Mg. of endomycin
per milliliter of medium. Our results would indicate a greater variation in sensi-
tivity.
Our finding of greater antifungal activity of endomycin at a higher pH is in con-
formnity with the investigations of Hu and co-workers (6). Certain skin lesions
caused by staphylococcus and streptococcus are known to change the skin
toward a more alkaline pT-1. A similar change of pH might exist in cutaneous
infections with Candida organisms. If such were the ease, one might suppose the
antibiotic agent would be more effective than at a lower pH.
Of practical importance in the clinical use of an antibiotic is the factor of
developing resistance to the agent on the part of the microorganisms. The clinical
usefulness of an antibiotic depends to a large degree upon the ease and speed with
which pathogens develop such resistance. Table V shows that in vitro resistance to
endomycin developed in seven strains of C. albicans. The fact that all strains
tested changed in their sensitivity to this antibiotic appears to make this drug
less valuable for clinical use. The phenomenon of acquired resistance to en-
domycin has been noted clinically in the treatment of monilial vulvovagi-
nitis (7). During the latter part of the tests, we noted that the test organisms had
separated into two general categories: strains 1, 3, 5, 6 and 8 had shown less ten-
dency to develop a resistance to eridomycin than had strains 10 and 13. The last
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two strains were carried through graduated concentrations of endomycin up to
275 rig. per milliliter of agar. Because these two strains were not inoculated on
plates containing higher concentrations of endomycin, a definite maximal level
of resistance to the antibiotic was not obtained.
Early studies by Gottlieb and co-workers (2) indicated that endomycin could
favorably withstand conditions of increased temperature and autoclaving. In
our procedure, the stability of an aqueous solution of this antibiotic at room tem-
perature was tested. Initial testing was done at 1-day intervals to observe an
early decomposition of the antibiotic. The intervals became greater as it was
appreciated that destruction of the endomycin did not occur with lengthened
storage. Finally, 2-week intervals elapsed between tests. The original Sabouraud's
dextrose-agar slants were used as the source of organisms for testing up to the
fifty-third day. At the beginning of the test period, all test strains were already
approximately 40 days old. For the period from the fifty-third to the one hundred
and first day another subculture from the original slant was used. For the final
test at 101 days, a new 4-day-old subculture from the original slants was em-
ployed. Controls from all inoculations gave positive results within 48 hours,
regardless of the culture age of the test organisms. It is impossible to assess the
factor of the age of the inoculum on the results obtained.
A comparison of all 19 series of tests showed that the results of those done on
the fifty-third day were at variance with results of all tests done before and after
this day. The conflicting results were interpreted as representing a sampling error.
After the study of the effects of storage on endomycin had been in progress for
some 60 days, a clouding of the stock solution was noted, but no change in color
was recognized. It was not until the ninetieth day that a slight precipitate was
formed. The significance of these changes was not apparent. At the completion
of the test period, a gram stain done on a portion of the remaining stock solution
did not disclose any microorganisms.
The present results in testing the antifungal effect of endomycin against the
fungi producing deep or superficial mycoses are in agreement with those of
Whiffen as quoted by Gottlieb and co-workers (2) except for Sporotriehum
schenckii. In our series, this organism still grew at a concentration of 22 jg. of
endomycin per milliliter of agar, whereas in Whiff en's series growth was inhibited
by a concentration of 10 g. per milliliter or less. A comparison of the present
data with those of Gottlieb and co-workers (2), however, is impossible because of
variations in technic.
SUMMARY AND CONCLUSIONS
1. Endomycin exhibits an antifungal effect in vitro against C. albicans. The
sensitivity of freshly isolated individual strains varies over a wide range of con-
centrations. Similar findings were noted in the case of C. tropicalis.
2. Endomycin exerts a greater antifungal effect in vitro when the pH of the
suspending medium is more alkaline.
3. Strains of C. albicans were developed in vitro which became more resistant to
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endomycin. The occurrence of such resistance may reduce the anticipated clinical
usefulness of the drug.
4. Endomycin retains its potency in aqueous solution at room temperature
over a prolonged period.
5. Endomycin exhibits an inhibitory effect in vitro against various species of
fungi causing superficial or deep mycoses.
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